Interaction of multivalent ligands and cell surface receptors can induce redistribution of these receptors to form patches and caps. In this study, we have investigated the role of nucleus-membrane interaction in the capping of membrane components. Mouse L cells and leukemia EL4 cells were enucleated with the aid of cytochalasin B, yielding cytoplasts and karyoplasts. Capping of surface receptors was induced by allo-and hetero-immune sera followed by fluorescein-conjugated antiglobulin serum, or by the plant lectin concanavalin A. Capping could easily be induced in intact cells, but virtually no capping was detected in the nucleus-free cytoplasts. Interestingly, karyoplasts, which possess cell-membrane components but very little cytoplasm, could be easily induced to cap their surface antigens. Hence, cap formation of membrane components seems not to be an autonomous membrane process. The data suggest that interaction of surface membranes and inner cell components associated with the nucleus is involved in the movement of surface membrane receptors.
Singer and Nicolson (1) have proposed that membrane components are free to diffuse in the membrane lipid matrix. Rapid intermixing of surface antigens of hybridized cells (2) , and lateral diffusion of membrane proteins (3), as well as aggregation of surface components into "patches" and "caps" (4-7), support the fluid mosaic theory of membrane structure (8) . Nonrandom distribution of membrane components towards one pole of the cell (cap formation), generated by interaction with exogenous multivalent ligands such as lectins or antibodies, can be induced in many cell types, but a few exceptions have been noted (4, 9) . This inability of some cells to cap may be due to a rigid membrane structure, to a restricting cytoskeletal system (9) (10) (11) , or to the lack of an active nucleus, as may be the case in erythrocytes. Nicolson and Painter (12) have suggested that the spectrin complex, which is associated with human erythrocyte membrane, controls translational mobility of membrane proteins. The role of a transmembranous system, composed of membrane determinants and intracellular fibrillar structures, in the modulation of cell surface activities has recently been discussed by Edelman (13) , de Petris (14) , and Nicolson (15) . To evaluate the contribution of intracellular components to the capping process, we have studied the redistribution of surface antigens of cells enucleated with cytochalasin B. Cytochalasin B, a metabolite from Helminthosporium dematioideum, has been shown to induce nuclear extrusion of mammalian cells, resulting in nucleus-free cytoplasts and in karyoplasts (minicells) (16, 17) . By (Fig. iD) . The degree of capping of surface antigens observed in karyoplasts was very similar to that found in intact cells ( (22) .
The present study provides a new approach to investigating (17, 18) . The mechanism of enucleation is not entirely clear (23) , but it is believed that CB reversibly disassembles the cortical actin-like microfilaments, leading to a reduction in the viscosity of the cortical layer of the cytoplasm and to enucleation. Ultrastructural and biochemical studies (16-19, 23, 24) of cytoplasts and karyoplasts reveal similar characteristics as well as clear structural and functional differences. Plasma membrane, cytoplasm, ribosomes, mitochondria, and endoplasmic reticulum are found in both cytoplasts and karyoplasts. The cytoplast, unlike the karyoplast, contains centrioles, microtubules and microfilaments, and the Golgi complex (24) . The two cells differ in activity. Firm adherence, spreading, and motility have been detected in cytoplasts (25) ; karyoplasts, on the other hand, lack any motility or spreading capacity. The presentation of membrane antigens on cytoplasts appears similar to that of intact cells, for both cell types react similarly with allo-and heteroantibody and with Con A, as detected by immunofluorescence. In addition, cytoplasts and intact cells could be lysed to the same extent by antibody and complement (unpublished results). Sethi and Brandis (26) have induced a high degree of tumor-specific immunity in mice by injecting enucleated cells, demonstrating that cell-surface antigens are not affected drastically by the enucleation.
A clear separation of the nucleus from the centrosphere and microtubules is obtained in enucleation (24, 25) . Since the cytoplast is capable of adhering, moving, and spreading in a manner comparable to intact cells, it is conceivable that it has a functional cytoskeletal mechanism. The karyoplast seems to be devoid of any contractile mechanism (24) , although a recent demonstration of spreading and dividing karyoplasts indicates a cytoskeletal activity (27) . Our findings of cap formation in karyoplasts but not in cytoplasts ( Fig. 1 and Table 2 ) suggest that the submembranous cytoskeletal structures that are involved in motile activities of the cell surface are insufficient for executing cap formation independently. Osborn and Weber (28) and Brinkley et al. (29) have recently shown that microtubules appear to grow from a tubulin-containing cylindrical structure located on the perinuclear space. Since this nucleusassociated organizing structure has been detected in enucleated cells (28) , the possibility that it plays a direct role in controlling redistribution of membrane components seems unlikely. Thus, we would like to suggest that the nucleus or a nucleus-associated structure, probably via a cytoskeletal or contractile system (13) , is the intracellular organelle that controls the redistribution of surface membrane antigens. Another explanation is that a short-lived protein or RNA molecule must be present before capping can occur, and removal of the nucleus results in its decay without replacement.
